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~Roa: W miya Mauk SSSB, Sib$rskoye Otdeleniye .. Geologiya i Oeofizika 
No. 2,’ 1965, pages 3-20] 

PARAQEMgTIC ANALYSIS OP C A R E O ~ ~  ROCKS WITH SpUfzBIT& 

MEILWXHITE FACIES 7 
by V. V. Ierdatto 

An analysis is made of the paragenetic relationship of mineral 

carbonaceous rocks metamorphosed under high temperature end lav pressure 

condition8 in contacts of sub-igneotu intrusions, chiefly of bssic compo- ~j 

sition. 

faciesi 

The division of splrrite-menrinite sub-facies is b e d  on two 

the merwinife-cslocueou, high temperature facies, and the 

I 
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rY4 monticellite-spurrite-tilleyite facies of relatively lower tempera 

Eprrbles contdxdng mineral phases not saturated with silica wch a&’ 
spurrite, r d n i t e ,  merwinite, ronticellite and others are mefsaorphic rocks which 

are forpled under conditione of anlr.inur temperatures and m i n i m  pressure$ on the 

earth’s surface. 

chiefly of basic coaposition, end a r e  rather rare mineral fornstions. 

They are formed in exocontact aureoles of subrolcsnic intrusioq., 
.. . 

In emphasizing 

the close sptial relationship of there products of metanerphisis with volccmic  rock^ 

aed their UMoCiatian w i t h  hornfels containing tridymife, mullite, sanidine, corundm, 

sad others, f. Eakola referred to them as having raadinite facies c25, 261; r0mtwh.f 

the law gorerniag the relationship of the &ability of calciunw~agnesial mineral 

phases to the W2 pressure, proved the  nature of the deposit by typosrorphic minerds 

to be a lamite-lpenrinite facies of a depth characterized by law pressures ud 

high temperatames [41. U. Fife, F. Terner, apd G. Ferhugen distinguish between 

two sub-facies within t h m  sandinite facies of P. &kola: 1) the luaite-merwinite- 

spurrife facies which correspoada to high temperatures md law pressures, aad 

2) the ronticellite-aelilite sub-facies corresponding to somewhat lawer 
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temperatures and higher pressure8 114, 163. Recently, V. S. Sobolev refrained from 

using the W 8 u e  nrmidinite frciea,” quite correctly d d n g  it unfortunate;* d 

he proposed instead of distinguishing befweea the given rpurrite-~erwinite and 

monticellitMPeli1ite facies, correspondingly the larnife-merwinife-8prite a d  

monticellite-melilite sub-facies of the 8 d d h i f o  facies 1131. The division of 

the facies M proposed by Soboluv is adopted by tb. author.of thi8 article. 

Doubt8 had often been expre8sed aa to the possibility of achieving equilibriupl 

in rocks of sprrrite-mezwinite facies 14, 14, 163. 

unbalanced ascrociafionrr is s~eti .808 rsgarded aa a usual and qak normal phenomenon. 

However, -8 i 8  rpprrrrrflf-d 10, although there are a number of rea8om for the 

Hence, the prerence in them of 

forastion in the rock8 of a 8  fattier o? mineral urociafions which dopart *em 

equilibrium becawe the duration of w2rwrphirn in the uocontact aureoles of 

rubvolcsnia intrusiona web of comiderably rhorter t u ,  for e~.~ple, in regianal 

processer of rock comersiao 18 conditio= of depth, the range of tempordure 

variationr being quito great. 

maximum heating of the exocontact area in nom-surface condition#, depending on the 

Elsrrr.r, it should be mentiamed that the time ef 

fbicknesa of flu -dit body, it8 shape, and temperataro apd depth of occurrence 

i 8  figared in  yorrr 03 fen8 of year8 (the body being of mfficient fhicknear) [I, 6, 

32, 403, wheeesr the time aeaeasary for the tot.J. realization of aqjr reaction in the 

crtabifity fiold of a terpiruL lgarodrzot in the WbM@=&205-8i02-C02=82tl ay8tam i 8  

not in excess of sqveral hundred haurr. But even t h i a  loag reaction is characteristic 

only ia fb. interaction of hard .ub.tencea i d  in a thinly-dirpersed a d  uniforr 

mixture without the participation of W2 amd 3O.w The reactiona with the 

+The formation of srnidine in the hornfels of the facies in quo8tion point8 to the 
rapid cooling of rock r8tb.r than to high teiuperafures, u a result of which foldrpar 
prerellrea the disorder of the alwnorilicate framework. 

24nonticellib + rpurife- 
h e n i n i t e  + cdaite (.eo below) is papleted, practically speaking, in 400 to 500 
hours at a temperature of 850 - lo00 C and one atduosphere of preswe. Apparently 

*According t o  dah prwided by the author the reacfiont 
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participation of the la t te r  progrers considerably more rapidly 128, 50, fill, aud 

the rpeedm of $ho reactions are greatly dependent on the pressure of tho gaa pbaue 

and temperature [ Z ,  15, 16, 171. Appareatly i n  t b m  cme of a rprmite-~ervinife  

facie. tho reactiom w i t h  hrd -08, with or without the preramco of C02, rhould 

be of rathor great importance; fhe catalytic effect of 50 ir  premmably oxclded 

here c143; in aqy case that is true at  tomperatwe8 in oxce8r of 1000°C. The speeds 

of diffusion which plv a vary important role ia reactions w i t h  tho participation of 

hard -08 c2, 173, w b d d  not have aa impartant offect on the speed of reaufion of 

tb0 8Ubr-c.8 im0lV.d sdl 011 tb8 O ~ p b t e n O 8 8  Of fl i i8 rea&iOa h tho ptO@O86fV@ 

metamorphism of a fiaoly dfsper~ed u t o r i s l  of rodimentaxy rocks l ike  riliceous 

limestone, dolomites ard marl in vhiuh tha reactim# mineral -88 are in vory  cloro 

contact a l o q  mort of thoir mrfacee ami remind one in thia regard of acproeipikted 

gel8 1161. In ti10 coerae pdrd hitid mte r i a l  sad in rrgrorrive chmgor in 

the a p e d  of th. reautien and the reaction capacity of mbrturcer i a  mwkedly 

dependent on th, degreo of imporfeetion of the crystallic lattfcor of reactin# 

tho rfxture in which ko it promnt in marked quaatitier react8 Colpps ra f iVe ly  
quickly. 
reactieru like, for exemple, the decomporftion of di6th.n into mallit. aad qurutr: 
c161 and other6 are not so m l o w  that  a0 initial aubstaacer caunot pur mor to a 
mom stable coraditioa in rmral yearr t h e  w l o r  presme ud krp.raturo codititma 
differing ealy .lightly fram the border of a phased oquilibrim (with '1: = 1o9ooc ud 
f = 1 atb-rthese conditionr a m  apparemtly f d  i q  fho vicinity of tb. bordor d 
phue equilibri-the di8thon c h q p r  coapletely into mullite a d  quarts in abmt 
three yoara [lb]). O f  COIV~O, we should fake into accouut t h m  fact fturf the 
reactiona royr be of a gradual nabme, c o ~ i r t i n g  of olem.ntary, si~mltsa.aos or 
sequential reactioru of interaediete produck f.153; and vith a slaw rim in -ra- 
turo the appearaaco a i  mch intomediate phrrea ( C C r r k r i n  of m, pos8ibly, are 
comerted at tho oquilibrilr -0 limits of Bowem carbonate rrystaU CUI) can 
actually affect the overall speed of reaction and retard the aynthosis of #e tomima1 
product. 
rapidly c3, 61 aad all the intormediato phases appearing are o f  negligiblo dimomioar; 
they u. metastable in  a p r O g r 0 8 6 i V O  f low of the procorn aad actually do not affect 
the overall a p e d  sld cuapleteners of tho reaction. 

Ihir fact  w(u mentioned roamtly by A. Beretakiy C2d. H a w m r ,  m n  6uch 

Hcmvor, u a rule, in contact metamorphiam the temperaturer rim rory 
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phases Clcj]. Neverthe1088, there is no deubt that in the ca8e of progrerrrivo 

wtaaorphism in a sprriteerwinite facier the time fsotor crnnat be an Obstade 

to achievbg oquilibriun in rockr (orspecially in the carbanate.) that are subjectod 

to ai@ tomperaturor (up to 1000 - 110(Pc) SEd presmrer (up to 400 ata~orpherer).* 

Very inportent a l r o  is the fact that natural mixtures a r e  usually subjected to 

contact aretamorphima; in the majority of Baser they .re relatively simple spteas 

which are quite easily brought into a state of equilibrium 1193. 

favor of the fact that oquilibrim i 8  attained in rock8 With 8pImite-rIIOrWinih 

Mdence in 

facies is the continued observation of one end the same minerd parageneres (chiefly 

calcareow) in different exocontact zoner, the comparatively ram occurrence in ono 

sample of mutually excluding paragenesea, etc. (ree below). 

At the present tire there have been ertablished in the world 20 manifesfafioxu 

of high temperature nahmorphimn of spurite=merwidte faciesw The rock8 of fhir 

facie. were first found by F. Wright in Velardina, Aurango, Mexico, in 1908 [523. 

During the pert fiw years or 80 new discoveries of these rare and unique rocks 
were made in Crestmore, Biverside, California c22, 24, 33, 343; on the Ialudr of 

&ye, Muck a d  Rhum and Cape Muamarchan, Scotlad [18, 30, 44, 46, 533; in Scot 

Hill near brna and Carlingford, Irelaad b7-39, 43, 47, 483; tho Anakitak bgion 

-is corresponds t o  depths of between 1500 and 1800 meters (if the presaure i r  

*We are not considering mineral parageneses occurring at high temperature 
governed entirely by the load of fhe arrorlying rocks). 

meknorphim of non-carbone rocks (argillaceo\ls shale8 and *e like). Not too  lp~lly 
of such rocks as the following haw been f d r  hornfels of the Anakitakiy region 
[SI, alpriniicroua xenolites of hodel8 from the tholeiites of the I S I ~  of MI, 
sddinites of bakherskoye M e  c143, and others. 
in the hornfels the following are very characteristic: 
diopside-tridynite, 2) cordierite-anorthite-llpiael 
cordieritcspinel-wi2lite, 5) ferruginous wollsstonite-hedenbergite [14] and others. 
The critical mineral8 in theae associations which ensble w definitely to clrrrr the 
rocks in which they a m  encountered as spurite-~enrinite facies are apparently only 
mullite snd tridymite. 
within a broad ba,nd of temperatures. 
the sddinites of Laakherskoye Lake t o  the facies in which we are interested L141. 

From the parageneses established 
I) snorthit-wol1aatonite- 

3 ) anorthifs-conmd-spinel , 4) 

B e  remaining minerals, aa vel1 rn saaidinite, are stable 
This does not permit UL) definitely to refer 
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Tres Hermanas, #ew Mexico 12'7, 291; Little Belt Mountains, Montana 1411; the 

Christaras M ~ ~ i t a i ~ ,  Texas [23]; Tocatoca, New Zealand c3Sl; Nallarajeaehundi 

Nanjangud,  Vsore, India [36]; Coahuila, Mexico [42]; Central dsia; the spurs of 

the Kursain w e ,  USSR [I]; the Kochumdtk River end the PEuryrWvka Delta of the 

Podkamennaya -River of the USSB [lo]; errd in the Yelkhovskiy Region of 

Bulgaria [31]. Unfortunately, most of the discoveries of spurrite-laervinite rock 

facies have not been thoroughly explored. In addition,  ma^^ of them are characterired 

by a poor assembly of metamorphic minerals, and an extreme uniformity af mineral 

associations. Hence, in analydng the paragenetic relationrhips between the minerals 

of this facies the author relied, priwily, on the factual materials from the well 

investigated contact zones of So&- Hill c43, 47, 483, Carlingford l37-391, Amkit 

[9 ,  123, the I s l d  of h c k  [MI, snd to a certain degree those of Cresfaaore c22, 

24, 341. 

The mineral parageneses appearing in the high temperature metamorphism of 

carbonafe s&mentations have already been dirrcussed in the work done by D. 5. 

Korehinskiy ip 1937-1940 141, B. L. Bowen c211, and S. E, Tlllly c453. Do So 

KorzhipJkfy a d o  w e  of the data known at the time on the natural paragenesis and 

dry fusions of Renkin ud Wright, a a d w o s  the first to conrtruct colapsito trisagdlu 

diagram of caaposifiom-the para&enesfa for spurrife-mervinifs fader (lamite- 

serwinite abyssal facies). UfiliatSng there diagrw,  he was able theoretically to 

predict t&e sequence of decomposition of crlaiu ailieater with increased pressure 

of C02; in this manner, B. nated certain 1- in the chaag. of ainrrsl pragoneses 

depending on tho depth cenditioar [4]. Bowen 8o1newbt later sysfarafisod tho 

nekuPorphic reactions occurring in siliceous lhesfones and dolomites uder canditiaas 

of increased temperature with constat presswe oi C O ~  1211. 

sequmtially wmnnpmiod by progrerrrive expulsion of C02 from the hard pbrsor;  MI 

a result, there are formed the so-called "stages of meiiamorphiras.w 

These reactions occur 

"ESech stage of 
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metamorphim i r  a auccerniro stago of decarboniration" kl, pago 2351. Bowan 

i ro l ahd  8 foh l  of 13 mch rfsge8; three of tho 1 a f f O r  vifh vhich the 8 m q U 0 a t i d l  

forartion of rprrrite, ~ r u i n i t e  sad larnite aro relatod correupond t o  the rpurrite- 

mnrwinito faaios. QI the baair of petrological conaidoretien a h r  of camposition 

campliortod rat-atioasr of t r i d e r d  amociatiom fbat iollw 0e0 aft.r th. 

other progrorrively aa the tamperataro incressen. A w e l l  known supplement ta the 

rkadier rude by Baraa ir  the short contribution by So $. T i l l g  dealing w i f h  the 

rariaurr lainorals formed at high traperaturer and law prorsurea, aad tosting the 

l u p c t s  of *stages of d8carbox1iasti0~" by 8om3 and othors. Eere, first of rll, wo 

sheuld rotor to W vOIJL of Bo Harker, 0. Tsftlo, L. W a l t e r ,  I. A. Oofrar.kiy, uld 

othorr [8, 28, 49, 5x1. 

fa thir ar t ic le  the uraly.irr of paragenotic relatiauhipa i n  tho sprrrik- 

m e m i n i t o  fades is ntede taking into account dl tho known ainersl parrg.n.ros 

according to fbe nethod of D. S. Korddndciy [SI, ut i l i t i eg  diagram of chemical 

potential. of U203 and C02. In th. diagrams, accordimg to tho rule of phser, there 

w i l l  corrorpod t o  tb. paragonoros of tire minerals non-variant pointr which QF. 

formod et fbs inkrucfiopr of lines of univarimt aqp i l ib r i a  which l i m i t  tho 

stabi l i ty  field of fri-rineral paragenesir. 

meminito, tilhyitb, wlilite, larnito, spiael, ronticellito, raxdcinite, phlogopito, 

6 
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periche, foraterite, ohd vollrsonite.* Rankinits snd periclue are not considered 

in Mf8 article because the pluageneser of th. foxwr have not yet been stliiicicw%ly 

they are encantered with perislase, mmticellite, urd spinel); they are observed 

raxely, .ad are maat chrracteriatic of monticolIite-melilik rocks a d  hornfels 

facies of contact mehmorphism. 

Si.0, n , Translator's note: 

For key to Russian abbre- 
viations on this and other 
Figures, see page 28. rdWJ*S ' 
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equilibriu, in thir c a m  wero the stable r r a t d  umciations of SCw Bill, 

t h i a  six-phuo Pnsltirrystma we first c m  h the oaaclusiua that it i8 iqmasible ?or 

lamito to bo fa- in r& c0mta.t- a d i c i e n t  amount of al&. Here, 

holmife ~ m c s l r a  atable (at vaxims p2 for a given diylropp [reo 

Fig. 2 

Appsrontly thir partially explsinr tho rare occurrence ef l d h  in facies of 

rpurrik-.crervinife rack. (Scot Hill, the Islasad of Muck, Capo Arbamerchon, Takatokr) 

because tho carbonate rodimem%s 8ubject.d to wtslo.rphim verjl oftea Confain 8 

certain amount a? Al&, ire., in c.llrpoaitian amy approach utql or alqy -1, 

where- to fera larnite relatively clear siliceous limestones are necessary. With 

a l l  admixtures or rhertages of elumina rocka 

kr~eourly lamite ed Lelenite as, for oxeaplo, cua tho 

A similar pic- is obaend Wifh reapoct fo mendnite, which i 8  ala0 rmrtable in 

mtSrSrphosing carbonate deposits enriched by a certain amount of A1203, i.e., in 

rock. containing a relatively high p203 because the chemical pobntial of a l h  

in these conditions depends mainly 011 its concentration; in such rocks we fM, 

sidfslreously, monticellita and helenite (aelilite) c441 . 
peculiarity is noted in akrdying the parageneses w i t h  larnite aa a function of the 

be formed w h i c h  contain r r i a r l -  

of M, ScotlPPd c4418 

A characteristic 
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magnitude of PO2: at low values of p C 0 2 *  it i8 possible to have three-phsse 

paragenetic associations: lamite-epurrite-spinel and larnite-merwinite-spinel. 

At higher values of 

interesting relationship is noted also with respect to rp~lrriter 

COz the lamite is stable vi* merwinite and spurrite. An 

at high values of 

C02 this mineral is .table w i t h  mmticellite [I, 291, a fact that is not so at 

lower values of the chemical potential of C02, i.e.) st higher taraperaturea c91. 

In the condition diagram (see Fig. 2 )  we also note the impo8sibility of paragenesis 

of larnite-glonticellite; this ir u1 important consequence of the stability of 

merwinik (without decomposition info Ca Si04 and CaMgSi04) right down fo fusion 
2 

temperaturea C171. 

! k o  diagram Fig. 3 are devoted to the paragenesis chiefly of calcite containing 

metamorphic rocks of spurrite4~enrinite facies, more carbonate than in the preceding 

case (of course, non-calcite paragmerim is possible here dso) .  me originrl five 

aineral puwneses for the carplltsfion of two varisafs of maltisyetems of spurrite- 

spinel-cllleif.-raenrinik-helenik-renticellife were associatiom taken fram Scot Hill 

c47, 481, h e l d k ,  8parrit.-opinel-rerwinite. It ir quite apparent that t b a e  

associatioaa are stable at diffeNnt PT coaditions, which is due to the reaction 

dfh fha parthipetion of four solid pbaaes C + 2 Mom P K + 2 Wsr. "hme farv 

minerals cannot be prent siwiltaneausly in a divariant PT area. Hence, stable 

parageneses ~ l r y  appesr with the participation of epurrit. ami nonficellite at lawor 

*peraturea (Pig. h), or w i t h  the participation of menrinik md calcite at higher 

teaperattwes (Fig. 3b). Direct evidence of this is the example of a reactiod 

replac...nt of tbe rpurritsaanfieollite aggregate w i t h  "subgrephical or vormiculacH 

calcit-rvinite gruwtb~ described by U. burnham in a rfudy devoted t o  tho contact 

*At higb temperakrre8, if we haw constent pressure sdl usume tbot it i8 detenained 
mainly by pcoZ md +he partial pressure of water vapors doerr not plsy an essential 
role; the data wed in +he assumption ere appannfly quite real and fully acceptable 
ia aa aPrly.ir of high tamporafun mkmorphipP of carbonate rock8 in a aprrrife- 
--inits f=ie8 c9, 161. 1 ,  
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meteaorphitun of Crestaore k 2 ,  p. 9063. 

an aadysir of the condition diagram of a rix-phwe .g.staa (Ice Fig. 3) caa be the 

The arin feature8 vhich became apparent in 

following: 

potential of COz i n  carbonate rocks rich i n  al\rmina (in which a203 i r  relatively 

high) ; stability of paragenesea of caloito-apurite-rpinel, qmrrite-=helenitpiael  , 
h e l e P i t e ~ ~ e m d f c r p i n e 3  d y  at cooparatirely law ~ u e a  of PO2* (an e-e of 

inetability of merwinite and spurrite at  sqy values of a chemical 

. w h  parageneses are the aaaaoiationn of Saot Ei€1 c43, 473 and tho Islaad of Wck 

1443); 

w i t h  c a l d t e  in  *e direction of 8n h r e r e e d  p m2 at dl /̂ %03; tbe p r i b i l i t y  

of prsagenetic arrrociationr of c a l c i ~ t i c e l l i t e ~ p i n e l  only at hi@ valuer of 

f.'C02* The last CBree-rrineral rseociation, (L~I we can see, figure6 i n  both varisntr 

of tho d t i - s y a t e a  a uad b Fig. 3 just like the typasorphic combinations of F~UWIOE 

of devariant field8 1, 2, 8 ,  and 9. 

existextee of two variations of a dti -sy.fem is due to  the presence of mutually- 

exeludiryl parageaeees M c h  are stable in various PT conditioru. This laodr t o  tdae 

the overall increrso in the mobor 0f possible fhrre&ersl plcrageneser 

However, rn we have shown previmly, the 

coacluafm that in Ute case at  hand tho s h e  smtioned taueo-mineral psragene8er 

are stab10 within e rather broad ramgo o f  temperskuos (and, apparently premures), 

and the di8rppearaace or appearance of oither of' these 58 determimad n d d y  by the 

magnitude of ycoZ and p1203* 

the *xi&om* of a functional relationship betvoen the tamperataro .pd magmihade of 

It follmm ikon W s  that a rwgh approxbation of 

at c o p l r h t  pnrlw. is true only a8 a firrt rppraximatiasr and should be wed 

only in a pre1imhu-y malnsU0m ai W physical condition8 of metamorpbim in fh. 

P?-region of rpurrite-merwinife fader. 

comltuioru vo ahamla take inh account the refatioaahip ofptX2 rot only to T or P 

but alro t o  the concentratiaa or aetivity of C02 and other coppuentr. 

Thir example dg~lautrater  that in pexagenetic 

"be latter 

*D. S. Korahinatiy [4] pointed to the bigb temperature present i n  the pu8genosia 
of spurrik w i t &  spinel corrpared w i t h  three mineral msocirtiartlr of cslcik-renrinite- 
hdadk. 
Irystem of Fig. 3. 

Thi. coaclurion finds support in the condition disgraa lb 09 tbo multi- 
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is especially important in aa sarlysir of the psragenem~s of recks formed at similar 

i 

Figs 3 

01 great interert are the tilleyite-bear* ~rrbl.8 ai spurrite-mendnite 

facie.. h o t &  to tho umly~ i r  of the paragenetic associatioPrr of those r& 

*It i r  alwryr iaportopt to take i n t o  a c c m t  the amnmption tbt in  e0.0 of 
~ O f s m o r p h i r a  of carbaarte r e  at 8h8llow depth, the % p r o r s e  ir cenrtulrt L16, 
211 and is deterstinod, mainly, by the prerme of the lead. 
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have B three-phase uracieitiar of t i l l ey ih -cah i t e sp ine l ) ;  moreover, the rort 

comma urociatioar apparently, i r  a pngeneais  of tilleyite (or spurrife) nifh 

awnticellife and spinel; this is rostable, harover, at very law/AX32 or high/A1203 

(a t  ( IS~PCO~ for the diagram in quostion). 

Th. aix-rinersl cordition diograae coaridored in  tho foregoing pertained, psfnly, 

t o  par~mems fornod a+ high temperature IPetamorphisa essentially of liaostenn, 

rocks containing an insignificaat admixture of dolomite--olorls, and SiliCeou8, 

laar1aceous, and dolomitic limesfones. Several other a8BOCiatiOnS 8ppeW in fh. 

12 
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metamorphism of sil iceow pnd marlaceoua dolomitos end dolomite aasrls. 

famed ia thir Ue characterized by the  abslence of sparrite, Ismite, aDd t i l l ey i t e  

and by tho extensive development of nagnesial minerals of mexwinite, spinel, 

laonticellite, pad melilite. 

40-50$ of helexdte component and 60140p of akerPranite component (roaretimea, however, 

ve have also observed very rich akermanite melilites i n  the Auakif Region 191, for 

examplo). In a paragenesis with spirrite, tilleyite and lamite, helenite usually 

does not contain over l0=20$ of akeraanite. 

The rocks 

In this caae ne l i l i t e  hss a rather definite composition: 

The six-phese d t i - sys tem of m e r w i n i t e - r a o n t i c e l l i t e - s p i n e l i l i t e - t e -  

calcite i n  Fig. 5 is devoted t o  a~ analysis of the paragenetic association occurring 

i n  the metamorphism of essentially dolomitic deposits. The author does not knav of 

any pr0r.d f i v d n e r a l  paragenesis which could be wed for constructing the system 

being anslyad. 

phaae natural associations which enables w w i t h  a high dogree of probability t o  

regard the aondifiwu diagrea .ham in Fig. 5 a8 being stable. 

associatiow cerresponding to the l iner  of mPi-rarianf equilibrim whhh connect 

non-variant point8 [B], WJ, and C~er] are noturd p(u.ageneses. 

about the stabi l i ty  of fho as8ociationst 

exoconkot aureoler of CrestBoro, Amkit and the Island of Muck c9, 22, 441. 

Korxhinrldy ha8 demonstrated tho s t a b i l i t y  of the f o l l d q g  four=!uineral paragenesea: 

calcitewmililife (helenite)-spinel-Psruinite snd calc ik-rent ice l l ikrwini te-  

spinel 143 on the b u i r  of data praridod by 8. E. Tilley sad certain theoretical 

consideratima. 

(of four whose stabi l i ty  haa been p r d )  of taU combination of phase8 under d y s i s  

should inkr8ect  at  8 point 8dBQVh.r~ in tho rC02 - /AA1203 region. 

noxk-vollastonite node i r  stable because 

i n  a nen-varisat point can be debmined by 

ene.re ailfi-mptmn in Fig. 5 is r l s o  .table. 

However, thore is a rather large amount of factual material en four- 

In particular, 

mere is no qtisstion 

if  is confirmed by tb. material8 of the 

D. S. 

Hmco, it fellaws that at leaat two rays of a non-wolla8tonik node 

Conrequently, a 

reactions vhicb caa occur be- -0s 

two of *amn c11, page 11411 the 

14 
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holmif.  141. 

n a b  under q v  P a d  T coaditions. H ~ o r ,  the discovery ty Tilley op the Island 

of Muck of rocks w i t h  a sbble  rsaociation of Qsnficellitewollsrtonite-#lilik 

(melilita contains about UJ$ of akenaaik c a p m a t )  end tho direct dekction of 

subgraphic aegregeter of aronficellite a d  vollestonite en the I s l d  of Zgsr [463 

.nd i n  the -bles of Crertraore *re th. minerals i n  question are oncouatered within 

the l i m i t .  of the so-called rni<locrare” SQSU in with morwinite &a atable k23, 

prapfs us to fh. conclusion am to the a t rb i l i ty  of th. parrgrnesirr in quostion 

under certain c.rdifioru, 

rpmrik..mnrinik facio8 whon a reaetion B +Man = A is still faporrible. Generally, 

srsocirtiau o f  ~ t i c o l l i t ~ e l l u ~ n i k  are not aharsotorirtic ei thir facio. 

(kenranito i r  8 k b l O  hore); it i r  more typical of lowr temperature ronditfau. 

St i l l  uwlear i r  +ha qwertiaar of tho reality of the puagmesis of w o l l u t a i t o -  

~0nt i to l l ikP . renr in ik  at 1- +sltzes of p2O3 uwl/Ac02. 

lw valuer of tho e h a i c a l  pokatfml of COz, 

is 8feblO mot w i t &  the above ildfcatrd mineral. but w i t h  akorma,nik. 

In other words, it appears that such a paragenesis fa unrealistic i n  

If i 8  apparently parsible n t  tamporsfcues leu for the 

‘her0 i r  ne doubt that a t  

i.e., sf high ta~nparatumr, morvinito 

In naturo 

16 



w i t h  d l  aad&lr8 a of pokui r r (ud  -tor). magazetie relaticmhipr reiloeted 

in Fig. 6 r d n d  WJ in p e r a l  about pheacwena which bars preriaruly been set forfh 

in an .naly.ir, of t& mlti-sJrta in pig. 3. The chief aifference coarrists in *e 

sharp reduction of *e rtability field of ponticellif., which practically coincider 

here vith fho m M c S  field, Lo.,  a o n ~ i c l l l i h ,  -Wm wru&a4$0 -8 atable oaly 

at law valuer of pm2 aad p 2 0 3 .  The monovariant oquilibriu line k n  + U203 P &Y 

and B on the diagram in quosfion become metastable (shown by broken lino). 

sttentien is directed t a  the very close relstionrhip between .pia01 snd B)llogopik; 

Our 

17 



tka pawagonesis ai spinel with melilite i r  porrible M y  m e r  aondititm of high 

Wm of yU,03 a d  serpuatively lwJIW2. 
I 

coppoDdnt system: -iO2-W2): spurrite, till@+, monticellite, akenaanite, 

wrwinite, volla&onite, calcite end C02, The position of three lines of ani-Wrriant 

equilibrirrm of +he s y . h  in questions t i l l ey i t e  

vollaatenite PI t i l l ey i t e  + C02 and 2 aenrinite + calcite r: 2 aromticellite + qmrrif. 

was ratber preciaely deponrtrated through experimentationo 

were studied by 8. m r  CZSJ and *e latter by L. Walter E493 d by fbe author of 

tbe present article, Becawe only hard phases take part in th. equilibrium 2 aenrinite 

+ cdci$m 3. ,a ~ 0 a W e s l l i f e  i rpprrit. We tmi-muiaaf o w e  that correspond. to it 

8 h d d  bs very rbep with espeet b tb. temperature axis. 

spxrrftet + C02, 3 calcite + 

Xhe f i r a t  two of th.n 

This is actually t& 

taqmr&u.ro of equilibriwm is 82OoC at atmospheric 

pres- d 

data vere obtained 

P = a b  the tomperdure of oquilibriun v11) equal fo 825 2 7 . 

weQy to 822'C af a pressure of 20 ahempheres. S W l u  

tho -$her in  checafag fhe experbent c o n h c k 8  by Yalter. A t  
8 0  A l l  this enable8 1u 

equilibritu cu17.15 is illustrated i a  the uppr part of Fig. 7. 

the l h r  2 mer + K op 2 mon + C .Ipd C + C02 3 'I! oaanot but intersect at .OM IMIE- 

variant pdat am ulo PT diagram. 

- m2) and T p: 8 2 5 O  If. 7*, 6 phsres are aiwrlkreou#3ly rrtdle, ud this mean8 that 

the point is l o c a w  at the interaectiea of six uni-variaast equilibrium curves CUI. 

Two other sik.aarnsriant m a  are obtained d o n  w have au intrrsectiom of the 

rtraight line crwrerpanding k, tk aquilibrim A 

T + C02 - 3K + 28 aad C + C02 = T, fhe position of which in the FT regioa waa 

It is appazeat that 

At tbe pdnf which exists when P = 80 atm (pressure 

Men + B Vi% Pni-variaat w e 8  

18 
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* I ’ I/ 

eshbliahed by B. Harker [ZS]. 

data by B. Harkor amd ob Tuttle OCCILT~ a t  low pressures of COz aad a temperature of 

720’~. me nan-rariat point Chr, CI, in which there -0 *e fellawing rix pimaear 

The mi-variant equilibriuu A = Maa + B according to 

tilleyite, laonticollite, calcite, a k e m t e ,  rollrstonito ead C02 exist#, apparently, 

rt a C O ~  presrure of lesr tharr 100 ata 

of uei-variant equilibrimr T + 2 Won + C02 t 3K + 2A emensting from thir point md 

a temprrtru. of about 720’~. me c m  

20 
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guidance aad to V. V. Khlestov for taking part in di~causing sane of the problema 

contained in this article. 
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Translator's note: 
Key t o  Russian abbreviations and symbols i n  finures.  

Latin MeaninK - Cyr i l l i c  

V 
Fo 
L 
Fl 
Sh 
G 
S 
T 
G r  
Mon 
Her 
M 
A 
D 

wollastonite 
f o r s t e r i t e  
l a r n i t e  
phlogopite 
sp ine l  
helen i t e 
spurr  i te 
t i l l e y i t e  
grossular  
mont ice l l i t e  
me rwin i t e 
me1 ili t e  
akennani t e  
diopside 
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